Banks have many variants of a product which they can offer to their customers. For example, a credit card can have different interest rates. So determining which variants of a product to offer to the new customers and having some indication on acceptance probability will aid with the profit optimisation for the banks. In this paper, the authors look at a model for maximisation of the profit looking at the past information via implementation of the dynamic programming model with elements of Bayesian updating. Numerical results are presented of multiple variants of a credit card product with the model providing the best offer for the maximum profit and acceptance probability. The product chosen is a credit card with different interest rates.
The Problem
Banks have many variants of a personal financial product which they can offer to their customers. The attractiveness of the variants to the customer can be ordered in such a way that the likelihood of accepting that variant by the customer is monotonically decreasing while the lender's profitability of the variant is monotonically increasing. For example, a credit card with different interest rates likes 5%, 10% and so on. The decision on which offer to make to the next applicant is based on the given knowledge of the previous offers and whether the offer accepted by previous customers. The objective of modeling the acceptance probability is to maximise the profit to the bank.
In the model here, the authors follow the example of [4] and model the problem as a credit card product with different variant of interest rates. It is assumed that the customers are from homogenous population and the probability of any p p p ≥ ≥ .
And so for the four variants of interest rates for the credit card, the conditional probability is as follows: 1) The customer would have accepted Offer 1 but rejected Offer 2 and Offer 3;
2) The customer would have accepted Offer 1 and Offer 2 but rejected Offer 3;
3) The customer would have accepted Offer 1, Offer 2 and Offer 3. Thus, In the above four cases, t t n r ≥ for 1, 2,3, 4 t = .
By including the information obtained from the past acceptance and rejection of each variants of the product, the model becomes a "learning" model to support making decisions on which product to offer to the next customer.
With such a belief distribution, the expected probability of Offer 1 being accepted is r r n n , Offer 3 is 
Let ( )
, , , V r n r n has to satisfy the optimal equation (see [7] ):
( )
V r n r n r r P V r n r n n n r V r n r n n r r r r P V r n r n n n n n r r V r n r n n n r V r n r n n
For the 3 variants of the credit card product, function ( )
, , , , , V r n r n r n satisfies the optimal equation of:
V r n r n r n r r P V r n r n r n n n r V r n r n r n n r r r r P V r n r n r n n n n n r r V r n r n r n n n r n 
V r n r n r n r r r r r r P V r n r n r n n n n n n n r r r V r n r n r n n n n r r V r n r n r n n n r V r n n
, , , . r n r n
For the 4 variants of the credit card product, function ( ) 1 1 2  2 3 3 4  4 , , , , , , , V r n r n r n r n satisfies the optimal equation of: V r n r n r n r n r r P V r n r n r n r n n n r V r n r n r n r n n r r r r P V r n r n r n r n n n n n r r V r n r n n 
n r n r n r V r n r n r n r n n r r r r r r P V r n r n r n r n n n n n n n r r r V r n r n r n r n n n n r r n n 
V r n r n r n r n r V r n r n r n r n n r r r r P n n n n r r r r V r n r n r n r n n n n n r r r r V r n r n n n n n r n r n r r r V r n r n r n r n n n n r r V r n r n r n r n n n r V r n r n r n r n n
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The first term in each offer is the probability that a customer will accept the 
Optimal Solution for Many Variants of the Product
Consider a variation of the problem in (1) where the lender has a cost of ( ) , , , r n r n irrespectively of which offer is made. Since the cost is independent of the offer made, it cannot affect the optimal action. Let ( )
, , , V r n r n  be the optimal expected profit for the modified problem. Then, we know the optimal policy when solving for ( )
, , , V r n r n  is the same as for ( )
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For the 4 variants case, the optimal expected profit is defined as: n r n r n r V r n r n r n r n n r V r n r n r n r n n
Recall that Equation (4) is the optimal equation for m variants of the product which is the extension of Equations (1)- (3) in the 2, 3 and 4-variants cases respectively. We subtract a cost of ( ) (5)- (7). We know that this cannot affect the decisions made but allows us to simplify Equations (5), (6) and (7) to a general equation of: 
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The proof of the theorem can be referred in Seow and Thomas [6] . , , , , , r r r r r n r n r n ≤ ≤ ≤ , one chooses Offer 1.
2) ( ) * , , , r r r  is used to differentiate * * * 2 3 4 , , , r r r  since ** ** ** 2 3 4 , , , r r r  are not the point to switch the offer. 4) Suppose P(K) is true, for m = K, where P(K) is the statement that one chooses Offer t to all future customers if ( ) , r r r n ≤ .
3) One chooses Offer 1 if
( ) ** ** *  4  3  2  1  2  2 3 3 4  4 , , , , , r r r r r n r n r n ≤ ≤ ≤ 
Empirical Results and Analysis
In this section, the data needed to get information for learning the switch of offers has been generated using the dynamic programming model. This is based on expected profit generated (in ₤). Some results generated by the model are shown in the following tables. We first defined β = 0.5 for 2 and 3 variants in the model. Then defined β = 0.999 for 4 variants. We have subtracted the "fee" from the model, hence the values shown are not the full profits. Please note the choice of β = 0.5 and 0.999 was based on the purpose to illustrate the profit generated at 50% discounting factor and almost 100% discounting factor.
Two Variants Case
If there are 2 variant of products (5% and 10% interest rates), then variant 5%
will be chosen if
r r r P P n n n > and otherwise, variant 10% will be chosen if r r r P P n n n > . Table 1 and Table 2 present some of the results generated by the model. The bold in the row is the point when the switch of offers occurs. We choose 1 3 r = and 1 10 n = to represent a case where one's belief of the acceptance of variant 5% is 1 3 10 p = .
L. S. Lee et al. Table 1 . Part of results generated by the acceptance model when P 1 = 10.000, P 2 = 25.000, β = 0.5, m = 45, p = 10. Table 2 . Part of results generated by the acceptance model when P 1 = 10.000, P 2 = 25.000, β = 0.5, m = 45, p = 10. Table 3 and Table 4 present a case where one's belief of the acceptance of variant 5% with the ratio of 1 1 2 p = and some of the belief points at which the offer decision changes. Table 5 and Table 6 present a case where one's belief of the acceptance of variant 5% with the ratio of 1 5 6 p = and some of the belief points at which the offer decision changes. Table 4 . Changing of offers when r 1 = 8, n 1 = 16, P 1 = 10.000, P 2 = 25.000, β = 0.5, m = 45, p = 10. Table 5 . Changing of offers when r 1 = 5, n 1 = 6, P 1 = 10.000, P 2 = 25.000, β = 0.5, m = 45, p = 10. Table 6 . Changing of offers when r 1 = 15, n 1 = 18, P 1 = 10.000, P 2 = 25.000, β = 0.5, m = 45, p = 10. Table 7 . Offer 5% to all future customers when P 1 = 20.000, P 2 = 50.000, β = 0.999, m = 45, p = 10. 
Three Variants Case
If there are 3 variant of products (5%, 10% and 15% interest rates), then variant 5% will be chosen if r r r r r P P n n n n n > . Table 9 and Table 10 The changes of offer are from variant 5% to variant 10%. Table 9 . Part of results generated by the acceptance model when P 1 = 10.000, P 2 = 25.000, P 3 = 35.000, β = 0.5, m = 6, p = 6. Table 10 . Part of results generated by the acceptance model when P 1 = 10.000, P 2 = 25.000, P 3 = 35.000, β = 0.5, m = 6, p = 6. Table 11 . Part of results generated by the acceptance model when P 1 = 10.000, P 2 = 25.000, P 3 = 35.000, β = 0.5, m = 6, p = 6. Table 12 . Part of results generated by the acceptance model when P 1 = 10.000, P 2 = 25.000, P 3 = 35.000, β = 0.5, m = 6, p = 6. Table 13 . Changing of offers when r 5 = 4, n 5 = 5, r 10 = 4, n 10 = 5, P 1 = 10.000, P 2 = 25.000, P 3 = 35.000, β = 0.5, m = 6, p = 6. Table 14 . Changing of offers when r 5 = 6, n 5 = 16, r 10 = 6, n 10 = 16, P 1 = 10.000, P 2 = 25.000, P 3 = 35.000, β = 0.5, m = 6, p = 6. Table 16 . Offer 10% to all future customers when P 1 = 10.000, P 2 = 25.000, P 3 = 35.000, β = 0.5, m = 6, p = 6. r 1 n 1 r 2 n 2 r 3 n 3 r r r r r r r P P n n n n n n n > . Table 19 presents some of the results generated by the model for four variants of the product. The bold row is the point when the switch of offers occurs. We Table 21 presents some of the results generated by the model for four variants of the products. The bold row is the point when the switch of offers occurs. We Table 19 . Part of results generated by the acceptance model when P 1 = 20.000, P 2 = 50.000, P 3 = 80.000, P 4 = 100.000, β = 0.999, m = 3, p = 2. 
Conclusion
From the results, we can clearly see that there is at most one point of switch offers. No matter how many variants of the product offered, the switching offer will not more than one. Based on this observation, the model can tell the best offer to extend to the next customer in an efficient manner and maximise the profit earned. Hence the model is able to identify the best offer for variants of credit cards. Further research would be to test this on different financial products like mortgages.
